ABSTRACT. The internal transcribed spacer (ITS) region of 18S-26S nuclear ribosomal DNA (nrDNA) in seven species and one variety of Pinguicula (Lentibulariaceae) in Cuba has been sequenced. Although the eight taxa have been taxonomically divided into two subgenera such as Isoloba and Pinguicula with the other species grown in the other regions, and further they are divided into three sections such as Agnata, Discoradix and Homophyllum. The taxa of Pinguicula in Cuba formed a single clade, and it was not consistent with the current taxonomy based on morphology. Six taxa of Pinguicula in Cuba studied have been classified in section Agnata together with Mexican Pinguicula agnata and P. ibarrae, however, they were not ITS-phylogenetically, fully or partially supported by the data. Although the Cuban taxa of Pinguicula were quite different in morphology and life form from each other, they were ITS-phylogenetically close relatives to each other. The species of Pinguicula in Cuba were isolated phytogeographically and ITS-phylogenetically from those in the Southeastern United States and Mexico.
In the West Indies, the Republic of Cuba is the biggest island country with more than 4,000 islets, covering 110,860km 2 all together. It lies just below the Tropic of Cancer. Although Cuba is geographically close to the North American continent, e.g. less than 250km to the Florida Peninsular or the Yukatan Peninsular, a remarkably higher proportion of endemic plant species is seen. In Cuba, according to Berazaín et al. (2005) , approximately 7,000 vascular plant species exist and 50% of them are endemic.
Three genera, Genlisea, Utricularia and Pinguicula, of the Lentibulariaceae are distributed in Cuba (Casper 1966 , Taylor 1989 , Taylor 1991 . Casper (1966) recorded five Pinguicula species in Cuba, and more recently several other species have been described by Casper (2003 Casper ( , 2004 , and Casper and Urquiola (2003) , though some of them are likely identical with Pinguicula benedicta. At least seven Pinguicula species are present in Cuba and all of them are endemic. Taxonomically, Cuban Pinguicula species are divided into two subgenera, Isoloba and Pinguicula, with other species distributed in the North to South America and Eurasia (Casper 1966) . Further, they are divided into three sections, Agnata, Discoradix and Homophyllum (Table 1) , based on flower morphology, such as shape of corolla lobe, corolla tube, and spur (Casper 1963 (Casper , 1966 .
Their geographical distribution is often restricted into a certain mountain or province. Pinguicula albida, P. cubensis, and P. filifolia are seen only in western Cuba. Particularly, the distribution of P. cubensis is restricted to the south-facing slope of the Sierra Cajálbana, Province of Pinar del Río (Casper and Urquiola 2003) . P. jackii is found only in the mountain area of the central regions, and P. lignicola and P. benedicta are seen in eastern Cuba. Due to limited access to their habitat, few works have been carried out, except for several taxonomical works based on herbarium materials.
Little information on the ecology of Cuban Pinguicula species is available. Most of the species in Pinguicula grow on wet rocks or sandstones. Several Cuban Pinguicula species also occur in such soils, but exceptionally P. lignicola grows on tree trunks or branches as an epiphyte. Casper (1987) observed and reported the mechanism of this unusual life form of P. lignicola. This species is independently placed in section Discoradix, in subgenus Isoloba, together with Pinguicula casabitoana, endemic to the Dominican Republic in the Hispaniola Island (Jiménez 1960) . Pinguicula lignicola is morphologically and ecologically different from the other Cuban Pinguicula species. However, it is not yet clear how this species is related to the other Cuban species.
Last a few years some molecular data have suggested that their phylogenetic evolution largely agree with geographical distribution patterns rather than the current taxonomy based on morphological characteristics (Cieslak et al. 2005 ). An earlier molecular work based on the plastid rps16 intron and trnL-F sequence by Jobson et al. (2003) used no Cuban Pinguicula species. Cieslak et al. (2005) used one Cuban Pinguicula species (P. filifolia) in their chloroplast gene matK and trnK group II intron sequences, and they suggested a close relationship between Cuban and Mexican Pinguicula. Therefore it is not yet known the phylogenetic relationships among the Cuban Pinguicula species, or inadequately so between Cuban species and morphologically closely related species, especially those distributed in the southeastern United States or Mexico.
Therefore, the main objective in this work is to infer a phylogenetic relationship among Cuban Pinguicula and some other Pinguicula species distributed in the southeastern United States and Mexico, based on the ITS data. The results will be discussed with their morphology and ecology.
MATERIALS AND METHODS
Plant materials The plants used in this study are listed in Table 1 . Fresh leaf materials of the taxa studied were obtained from either plants collected at the field or plants cultivated at the Laboratory of Plant Chromosome and Gene Stock, Graduate School of Science, Hiroshima University. The herbarium voucher specimens have been deposited at the laboratory. Total DNA was extracted from 0.07-0.1g of fresh leaves. Six species (section Isoloba) from the southeastern United States and two species (section Agnata) form Mexico were used, and Utricularia alpina was selected as an outgroup.
DNA isolation, PCR and sequencing Samples were ground in liquid nitrogen. Total DNA isolation from fresh leaves was made with ISOPLANT II (Nippon Gene, Tokyo, Japan) following the manufacture's protocol. The ITS region of the isolated DNA was amplified by polymerase chain reaction (PCR) using TaKaRa LA Taq TM (Takara Bio Inc., Shiga, Japan) with GC buffer II. Forward primers were 20pmol of ITS 5 or AB 101, and reverse primers were ITS 4 or AB 102 (White et al. 1990 , Douzery et al. 1999 . Usually primers ITS 5 and ITS 4 were used, but when amplification was not sufficient, AB 101 and AB 102 were used. The concentration of template DNA used was 10µg/µl per sample. For PCR, the samples with ITS primers were incubated for an initial 2 min. at 94°C followed by 33 cycles of 50 sec. denaturation at 94°C, 1 min. annealing at 48°C and 30 sec. extension at 72°C. For AB primers, annealing was at 60°C at the same duration as ITS primers. For cycle sequencing, PCR products were purified from collected agarose gels using GFX PCR DNA and Gel Band Purification Kit (Amersham Biosciences, NJ, U.S.A.). Cycle sequencing conditions regardless of the type of primer were as follows: 96°C for 1 min. followed by 35 cycles of 10 sec. denaturation at 96°C, 5 sec. annealing at 50°C, and 80 sec. extension at 72°C. In some cases, up to 2µl of DMSO per sample was added for GC rich samples. PCR products of Pinguicula lignicola which showed difficulty in obtaining clean sequences from direct PCR sequencing was cloned using pGEM-T easy vector system (Promega, Madison, WI, U.S.A.) following the manufacture's protocol. The ITS regions were sequenced using Long-Read Tower DNA Sequencer (Amersham Biosciences, NJ, U.S.A.).
Sequences analysis DNA sequences were aligned by Genetyx-Win Version 5.2 (Software Development Co., LTD., Tokyo, Japan) and were adjusted manually. The data included whole 5.8S and partial sequence of 18S 
RESULTS AND DISCUSSION
The NJ and the most parsimonious trees have been presented in Fig. 1 and Fig. 2 , respectively. For the MP method, the number of tree held at each step during stepwise addition and that retained by heuristic search was one, respectively. The tree length was 989. Consistency index (CI) excluding uninformative characters was 0.7222. Homoplasy index (HI) excluding uninformative characters was 0.2778. Retention index (RI) and Rescaled consistency index (RC) was 0.8130 and 0.6305, respectively. Both the NJ tree and the most parsimonious tree consistently showed that Cuban Pinguicula and southeastern American Pinguicula formed different clades. The geographical distribution of Pinguicula pumila extends from North Carolina down south to Big Pine Key in Florida and the Andros Island in the Bahamas (Casper 1966 ), but it is likely that there is no direct phylogenetic relationship between Cuban Pinguicula and southeastern American Pinguicula. The NJ tree showed a possible phylogenetic relationship between Cuban and Mexican Pinguicula, but it is only weakly supported by the bootstrap value at 75% (Fig. 1) . In the most parsimonious tree, Cuban Pinguicula and Mexican Pinguicula formed different clades (Fig. 2) . Those data imply that Cuban Pinguicula is not only biogeographically, but also phylogenetically isolated from southeastern American Pinguicula and Mexican Pinguicula (section Agnata).
The ITS results disagree with the current taxonomy based on morphology. For example, Cuban Pinguicula albida, P. cubensis, P. filifolia and P. benedicta have been placed in section Agnata together with Mexican P. agnata and P. ibarrae, since they usually have nearly equally divided flower lobes forming a radial symmetric corolla (Casper 1963 (Casper , 1966 . However, these Cuban species formed a single clade with other Cuban Pinguicula classified in sections Homophyllum or Discoradix rather than the two Mexican species in the most parsimonious tree. The result suggests that Cuban Pinguicula species are phylogenetically closely related to each other, even though they show morphological diversities. A further revision may be necessary within the genus with several different approaches, including molecular phylogeny.
All Cuban Pinguicula species are considered to be endemic. Furthermore, the distribution of each Cuban Pinguicula species is mostly restricted to the following three areas; 1) western Cuba (Province of Pinar del Río and the island of Isla de la Juventud), 2) central Cuba (Province of Cienfuegos), and 3) eastern Cuba, or often called Oriente (Provinces of Guantánamo and Holguín). The relationships between the ITS phylogeny and the distribution pattern of Cuban Pinguicula have been illustrated in Fig. 3 . Altitudinal distribution of Cuban Fig. 3 . Relationships between the ITS phylogeny and distribution pattern in Cuban Pinguicula taxa. Approximate distribution pattern of Cuban Pinguicula studied was mapped and combined with a clade of Cuban Pinguicula obtained from the most parsimonious tree in Fig. 2 . Pinguicula albida, P. cubensis and P. filifolia group is distributed in western Cuba. P. jackii var. jackii and P. jackii var. parviflora group is distributed in Central Cuba. P. benedicta and P. lignicola are distributed in Eastern Cuba, but they did not form a sister group within the clade.
Pinguicula is comparatively lower (sea level to 1,100m) than that of some Mexican or South American Pinguicula species occurring at altitudes of 4,000m or even higher. All Pinguicula species in southeastern United States occur at low altitudes (sea level to 300m) in the coastal regions without exception (Wood and Godfrey 1957 , Casper 1966 , Godfrey and Stripling 1966 .
In western Cuba, Pinguicula albida, P. cubensis and P. filifolia are seen and the three species phylogenetically form a sister group (see Figs. 1 and 2) within the clade. Pinguicula albida has obovate to rotundate pale green leaves (Fig. 4-A) . Pinguicula filifolia have distinctively filiform leaves (Fig. 4-B) . These two species can be found in wet fine sand on the coastal pine savanna of Pinar del Río, and P. filifolia is also found in Isla de la Juventud. Pinguicula filifolia tolerates direct sun, but P. albida usually restricted to under juvenile trees of Colpothrinax wrightii (Palmaceae), providing lower light intensity. Pinguicula cubensis, possessing oblonglanceolate leaves (Fig. 4-C) , is found only in wet limestone cliffs (220m altitude) of the Sierra Cajálbana in Pinar del Río (Casper and Urquiola 2003) . The corolla lobes of the three species are almost equally divided in both shape and size. The flower color in this group is basically white, but Pinguicula filifolia also has pale purple or pale yellow flower (Table 2) . The ITS data supported the theory by Casper and Urquiola (2003) , stating that Pinguicula cubensis was closely related to P. albida and P. filifolia.
In Central Cuba, Pinguicula jackii var. jackii and P. jackii var. parviflora are seen and they are phylogenetically very closely related to each other ( Figs. 1 and 2 ). These two taxa show no morphological differences on the vegetative organs, having obovate to rotundate leaves, but the conspicuous difference appears in the flowers (Ernst 1961) . The corolla of Pinguicula jackii var. jackii is dark blue but fades day by day after opening the corolla, approximately 3.0-3.5cm across in diameter (Fig. 4-D) , and that of P. jackii var. parviflora is white with faintly pale blue margin, approximately 2.0cm across in diameter (Fig. 4-E) . These two taxa grow on vertical lime sandstone cliffs (600-800m altitude) particularly around the Pico de San Juan in the Alturas de Trinidad, a part of the Sierra de Guamuhaya (or also known as Sierra de Escambray), Province of Cienfuegos. A limited number of populations and plants in each variety have been confirmed in this area.
Pinguicula benedicta and P. bissei are distributed in eastern Cuba. Pinguicula benedicta is recorded from the Sierra Cristal in the Province of Holguín to Camp San Benito (La Vega de Taco) in the Province of Guantánamo, at altitudes of mostly below 900m. Pinguicula benedicta is a morphologically variable species even within the same population. The leaf is ovate to obovate. The shapes of corolla lobes vary from oblong to obovate in the upper lip and from narrowly oblong to obovate or nearly rotundate in the lower lip (Fig. 4-F) (Britton 1920 , Casper 1966 . Flower color is crimson to pale pink, or rarely white. Pinguicula benedicta is often found in wet reddish clay along the rivers or streems. Pinguicula bissei was described from the river of Río Báez, Province of Guantánamo by Casper (2004) . It has thinner corolla lobes and the margin of the middle lobe in lower lip is often irregularly waved (Fig. 4-G) . Pinguicula bissei occurs in wet limestone rocks along the Ráo Báez. Concerning the morphological similarities, geographical distributions, and the identical ITS sequences between the two taxa, these might be conspecific. A taxonomical review of the so-called Pinguicula benedicta complex, including P. bissei and P. caryophyllaceae, is needed.
Pinguicula lignicola is also distributed in eastern Cuba, but the altitudinal distribution range is often higher than that of P. benedicta. The leaf of Pinguicula lignicola is oblong-lanceolate (Fig. 4-H) , and the flower color is white. The roots directly anchor to the surface of tree trunks or branches. It is unclear why this species possesses some unusual characteristics, such as an epiphytic life form, root systems, which cannot be seen in other Cuban species. Although Casper (1987) reported the detailed morphology of Pinguicula lignicola, it is still poorly understood their ecological system with a relation to the environment. This species is often found on tree trunks or branches of Podocarpus spp. (observation by C. Panfet Valdés) in a mountain range (at altitudes of mostly 800-1,100m) of the Provinces of Guantánamo and Holguín. Mexican Pinguicula hemiepiphytica (section Longitubus) also grows on mossy tree trunks (Zamudio and Rzedowski 1991) , but not directly rooted on the exposed bark. One remark should be addressed is that P. casabitoana, morphologically similar to P. lignicola, is found in the Alto de Casabito, the Dominican Republic, geographically very close to Eastern Cuba (Jiménez 1960) . The distribution of Pinguicula lignicola is partly overlapped with that of P. benedicta, but they did not form a sister group within a clade (Fig. 3) .
As discussed above, the Cuban Pinguicula group is isolated both biogeographically and phylogenetically from southeastern American or Mexican Pinguicula. Within the Cuban Pinguicula examined in this study, P. lignicola divided at the base of phylogenetic trees (Figs. 1 and 2) , and it suggests that all Cuban Pinguicula have evolved from the common ancestor. It is probable that Cuban Pinguicula has been isolated from the other species, except for Dominican P. casabitoana, at an early evolutional stage, and evolved morphologically different species presently seen. It is also presumable that the direction of 
